This report describes the development and psychometric testing of the Systems Thinking Scale for Adolescent Behavior Change (STS-AB). Following item development, initial assessments of understandability and stability of the STS-AB were conducted in a sample of nine adolescents enrolled in a weight management program. Exploratory factor analysis of the 16-item STS-AB and internal consistency assessments were then done with 359 adolescents enrolled in a weight management program. Test-retest reliability of the STS-AB was .71, p = .03; internal consistency reliability was .87. Factor analysis of the 16-item STS-AB indicated a one-factor solution with good factor loadings, ranging from .40 to .67. Evidence of construct validity was supported by significant correlations with established measures of variables associated with health behavior change. We provide beginning evidence of the reliability and validity of the STS-AB to measure systems thinking for health behavior change in young adolescents.
Assisting individuals to adopt and maintain healthy lifestyle behaviors remains a major challenge. Socioecological theories of health behavior (Bronfenbrenner, 1979 (Bronfenbrenner, , 2005 Glass & McAtee, 2006) suggest that the environment is a major influence on the performance of healthy living behaviors, such as eating, exercise, and sleep. The environment comprising the systems of our daily home and work routines (habits) is a major influence on lifestyle behaviors. For example, how food is purchased and prepared in a family is a system associated with healthy eating. Similarly, how a morning routine is structured in a household influences the type of breakfast that is eaten by family members. Recent literature suggests that a fruitful approach to health behavior change is our ability to view our daily habits as a set of behaviors comprising systems in our lives that can be examined and changed (Alemi et al., 2000; Moore & Charvat, 2012; Moore et al., 2011; Moore, Jones, & Alemi, 2016; Russell, 2010; Webel et al., 2013) . This involves the ability to engage in systems thinking. Systems thinking is the ability to recognize and synthesize patterns, interactions, and interdependencies in a set of activities designed for a specific purpose. This includes the ability to recognize patterns and repetitions in the interactions and an understanding of how actions and components can reinforce or counteract each other (Dolansky & Moore, 2013) . These relationships and patterns occur at different dimensions: temporal, spatial, social, technical, or cultural (Oshry, 2007) . Systems thinking links people's environment to their behavior (Dolansky & Moore, 2013) . Systems thinking as a concept has been applied in several fields, including biology, quality improvement, education, and engineering (Batalden & Stoltz, 1993; Senge, 2006) . The application of systems thinking to behavior change is relatively new; however, a growing body of literature acknowledges the multiple person-environment interactions involved in forming and changing health behaviors (Alemi & Neuhauser, 2005; Duhigg, 2012) .
Need for a Measure of Systems Thinking for Health Behavior Change
Systems thinking can be taught and learned (Aboumatar et al., 2012; Dolansky & Moore, 2013; Moore, Dolansky, Singh, Palmieri, & Alemi, 2010) , and increasingly is a component of behavior change interventions (Moore et al., 2016; Plow et al., 2013; Russell, 2010; Webel et al., 2013) . However, to date, there has not been a valid and reliable measure of systems thinking for health behavior change. To advance our understanding of the role of systems thinking as a possible key factor in making behavior changes and to assess our ability to change levels of systems thinking in individuals, valid and reliable measures of systems thinking for behavior change are needed.
Purpose
The purpose of this report is to describe the development and psychometric testing of the Systems Thinking Scale for Adolescent Behavior Change (STS-AB).
Method
Over the past few years, our team has engaged in a series of studies to develop several measures of systems thinking for use in specific contexts. Figure 1 describes the phases and activities of the development of the STS-AB, including a preliminary project in which the first measure of systems thinking was developed to assess systems thinking of health care professionals for use in changing health care systems as part of quality improvement initiatives. Our team then adapted this measure to address systems thinking by individuals for health behavior change, including adolescents.
Preliminary Project
The STS-AB was adapted from a measure of systems thinking, the Systems Thinking Scale (STS), that members of our team developed for use with health care professionals involved in health care system quality improvement initiatives (Moore et al., 2010) . Although systems thinking is viewed as a key component in health care process improvement (Batalden & Leach, 2009; Batalden & Mohr, 1997; Batalden & Stoltz, 1993; Senge, 2006) , no psychometrically sound instrument existed to measure the extent to which individuals engaged in systems thinking as part of health care improvement. With initial funds from the Robert Wood Johnson Foundation, Dolansky and Moore (2013) began the development of the STS by engaging an expert panel of 10 leaders in the field of quality improvement and systems thinking worldwide in a series of electronic discussions to define and develop the conceptual domains of systems thinking that then formed the basis for the item-bank of questions for the questionnaire under development. The domains identified were sequence of events, causal sequence, multiple causations possible, variation of different types (random/special), feedback, interrelations of factors, and patterns of relationships. The STS was then refined through a series of interviews and factor analyses in a sample of health care professionals engaged in quality improvement work. The final STS consists of 20 items to which respondents indicate on a 5-point Likert-type scale ranging from "never" (0) to "most of the time" (4) the extent to which they engage in systems thinking regarding making improvements in health care systems. A total score is computed by summing the responses for each item; higher scores indicate greater use of systems thinking.
Psychometric testing was conducted on the final 20-item version to determine the construct, discriminate, and predictive validity and reliability (internal consistency and test-retest) of the STS (n = 550). The final 20-item STS had good reliability and construct and discriminate validity (Moore et al., 2010) . More information about the STS which was designed for health professionals' process improvement initiatives can be found at https://nursing. case.edu/research/labs-studies/systems-thinking/ Development of the STS-AB: Phase 1. The STS was then adapted for use in a new context: Adolescents engaged in changing systems of behaviors in their daily routines for healthier living. The adolescent behavior change version (STS-AB) was developed as part of the pilot study phase of a large multisite trial in which we tested the effects of a weight management intervention for overweight and obese inner-city adolescents (Moore, Borawski, Cuttler, Ievers-Landis, & Love, 2013) . In 2011, during Phase 1 of the STS-AB development, a group of six individuals with expertise in health behavior change, child psychology, or systems thinking met several times and made suggestions for revising the original STS questions for use with adolescents engaged in health behavior change. The adaptations made in the STS included omitting four items that addressed work units and organization mission and goals and changing questions that referred to employees and supervisors to refer to family members and parents. The resulting STS-AB consists of 16 items to which children indicate on a 5-point Likert-type scale ranging from "never" (0) to "most of the time" (4) the extent to which they engage in systems thinking regarding making a health behavior change. Table 1 displays the items of the STS-AB. The stem sentence to the items on the questionnaire is, "When I want to make a change to be healthier . . . " A total score is computed by summing the responses for each item. Scores can range from 0 to 80, with higher scores indicating greater use of systems thinking.
Sample. Initial assessments of understandability and stability of the STS-AB were conducted in a sample of nine urban adolescents enrolled in the pilot phase of the larger weight management trial focused on healthy living behaviors. Potential participants were identified during a middle-school body mass index (BMI) and blood pressure screening program of a large Midwest urban school district. Subjects were enrolled at the end of the fifth grade. Participants had a mean age of 12.5 years (SD = 0.85) and included three girls and six boys. They were predominately African American (92%) and were from low-income families (64% had an annual household income of less than US$25,000). All were overweight or obese.
Procedures. Written informed consent and assent were obtained in private from parent and child prior to data collection. In both phases of the STS-AB instrument development, data were obtained in private interviews with trained personnel using audio-assisted survey software from which data were entered directly into a laptop or iPad. Measures of systems thinking were obtained at baseline and 4 and 8 months later. The STS-AB was found to be easily understood by the children as assessed by specific questions about its ease of use and understandability. Test-retest reliability at the 4-month period was .71, p = .03 and .68 (p = .07), after 8 months, indicating that systems thinking regarding behavior change in adolescents is a relatively stable skill unless specific effort is made to change levels of systems thinking. Initial validity of the STS-AB was also assessed at the end of an 8-month followup period when systems thinking scores of these nine adolescents who did not have systems thinking training were compared with the scores of 10 children who had been randomly assigned to receive 8 months of systems thinking training in a weight management program. Although not reaching significance in this small pilot study, systems thinking scores were higher in children who received systems thinking training (M = 55.1, SD = 6.5) as compared with children not receiving training (M = 50.6, SD = 10.6).
Psychometric testing of the STS-AB: Phase 2
Sample. In a second development phase, exploratory factor analysis of the 16-item STS-AB, evaluations of internal consistency, and further confirmations of validity were conducted using the baseline data of 359 urban adolescents enrolled from 2012 to 2014 in a large weight management trial . Table 2 describes the demographic characteristics of the participants included in these evaluations (N = 359). Participants had a mean age of 11.4 (SD = 0.55) and a mean BMI of 27.15 (SD = 4.86). Thirty-three percent were overweight and 67% were obese. Participants were predominately African American with low household incomes. As the children were all recruited from the same school grade level, there was little variance in age. Procedures. Similar to the pilot study, overweight and obese participants were identified from a school-based BMI and blood pressure screening program of a large inner-city school system at the end of their fifth-grade year and data were gathered in standardized interviews using audio-assisted surveys on iPads. Data were stored in REDCap, a secure database management system with a password protection system. SPSS version 21.0 was used for data analysis. Descriptive statistics were used to depict the demographic characteristics of the study sample.
Analysis plan. For psychometric testing, exploratory factor analysis was used to determine the underlying structure of the STS-AB, with primary factor loadings of 0.40 or higher used as an indicator of a good factor solution (Osborne & Costello, 2009 ). Internal consistency reliability was assessed using Cronbach's alpha coefficients. Pearson product-moment correlations were used to examine the concurrent validity of the scale in which the associations between the scores of the STS-AB and other established measures of variables commonly associated with health behavior change were explored. These included self-regulation for behavior change (measured using the Index of Self-Regulation; Fleury, 1998), self-efficacy for diet (measured using the Child Dietary Self-Efficacy Scale; Parcel et al., 1995) , and self-efficacy for exercise (measured using the Self-Efficacy in Overcoming Barriers to Physical Activity in Children; Saunders et al., 1997 ). Table 3 shows the means, standard deviations, and ranges of the systems thinking scores for the whole sample and by gender and BMI status. Scores on the STS-AB were normally distributed in this population (skewness = −0.31, kurtosis = 0.38). There were significant differences in systems thinking scores between children who were overweight and those who were obese (t = −2.4, p = .02), with obese children having higher levels of systems thinking than overweight children. There was no significant difference in systems thinking scores by gender. Exploratory factor analysis was performed to assess the underlying dimensions of the STS-AB. The principal axis factoring method of extraction with five different types of rotations (direct oblimin, promax, equamax, quartimax, and varimax) were used to extract the minimum number of factors that explained the maximum variance of the scale. The results from eigenvalues and the scree plot revealed a single factor that explained 31% of the variance. When examining factor loadings, it was clear that all 16 items loaded strongly and cleanly on one factor with loadings ranging from 0.40 to 0.67 (Table 1) . We found that a one-factor solution had a better fit than other factor solutions (two-, three-, four-, five-factor solutions), supporting a unidimensional model. Evidence of concurrent validity was supported by significant correlations with established measures of other variables commonly associated with health behavior change. Systems thinking was positively associated with self-regulation (r = .49, p < .00), self-efficacy for diet (r = .21, p < .00), and self-efficacy for physical activity (r = .13, p = .02). The internal consistency reliability coefficient was .87. Item analysis performed on each item indicated that inter-item correlations ranged from .16 to .45, and item-total correlations ranged from .37 to .62. Removing items from the scale did not improve the reliability of the measure; therefore, no items were removed.
Results

Discussion
We found strong beginning evidence of the validity and reliability of the STS-AB to measure systems thinking for health behavior change in middleschool-aged adolescents. Internal consistency of the STS-AB is in the goodto-excellent range (Cronbach, 1951; Kottner & Streiner, 2010; Polit & Beck, 2008) . Results of the factor analysis showed a single factor with no underlying dimensions indicated; item analysis showed that no items needed to be removed from the scale. The availability of a measure of systems thinking for health behavior change in adolescents will assist investigators to further investigate the knowledge and skills associated with systems thinking in behavior change and examine its possible role as a mechanism of behavior change interventions.
A surprising finding was that higher levels of systems thinking were found in obese as compared with overweight children. This seems counterintuitive in that it is assumed that individuals who have higher levels of systems thinking would be more likely to engage in activities to influence daily routines associated with weight management. This assumption may be wrong, however, as it is possible that understanding a system is different from the ability or the influence to change a system. It is possible that many of the daily routines (systems associated with lifestyle behaviors) of adolescents are not under their direct control. An 11-to 12-year-old age group is just beginning to have some autonomy over their lifestyle habits, with many children still highly influenced by family and peer habits and routines (Faith et al., 2012; Stormshak et al., 2011) . Although the STS-AB has several items to which the respondents rate the extent to which they recognize the influence of their family and friends on their attempts to make behavior change, they may not be able to influence a change. Another possible explanation for the finding of higher levels of systems thinking in obese compared with overweight adolescents could be that obese adolescents may be more likely to view external forces as the cause. In our ongoing trial in which we are measuring the mediating effect of systems thinking on diet, physical activity, and sleep patterns, we will be able to further examine this finding of higher levels of systems thinking in adolescents who are obese as compared with overweight.
Although this study has several strengths (i.e., strong theoretical underpinnings, sufficient sample size, standardized data collection protocols), there are some limitations. First, the restricted age range of our sample limits the generalizability of results to a narrow adolescent group. Also, the sample was limited to adolescents who were overweight and obese and enrolled in a weight management trial. Thus, the use of this measure to measure systems thinking in other populations of adolescents engaged in health behavior change is not known. The adolescents in the current study, however, were focused on making changes in several lifestyle behaviors, including diet, exercise, sedentary activity, sleep, and stress management. Nevertheless, it is unknown if the STS-AB currently is a good measure of systems thinking in adolescents engaged in making health behavior changes in other important health behaviors for this age group, such as tobacco use and substance abuse. Furthermore, this inner-city sample is predominately low income and African American, and thus, it is unknown if the instrument is appropriate for children of other racial/ethnic and socioeconomic groups.
Our next step in the development of the STS-AB will be to assess its predictive ability. In our existing ongoing trial, we will have the opportunity to assess the extent to which systems thinking is a mediator of health behavior change and if scores on the STS-AB are associated with positive health behavior change. In addition, we are currently assessing an adult version of a measure of systems thinking for behavior change (STS-AdultBehav). Results of further testing of both the adult and the adolescent versions of the measure of systems thinking for health behavior change will provide considerable information about the role of systems thinking as a possible important factor for health behavior change.
In summary, rigorous methods were used to develop and evaluate the psychometric properties of the STS-AB to assess systems thinking associated with adolescent health behavior change. Psychometric testing indicates beginning evidence of the validity and reliability of the measure. Knowledge in an emerging field is advanced more rapidly when measures of concepts central to that field are available. The STS-AB offers the ability to determine the importance of systems thinking in making behavior change by adolescents and contribute to our understanding of mechanisms underlying making behavior change. Further testing of the validity and stability of the instrument in other populations is recommended.
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